Abstract. The Yinzhihuang injection, a traditional Chinese medicine, has been the recent target of increasing interest due to its anti-inflammatory properties. The molecular basis by which Yinzhihuang injection could cure Riemerella anatipestifer (RA) serositis in ducks is unclear. This study evaluated the antibacterial, anti-inflammatory and antioxidant effects of Yinzhihuang injection, using disease models of RA-induced infectious serositis in ducks and heptane-induced inflammation in mice and rats. The duck mortality rate was reduced from 60% to 20% and both the inflammatory response and histological damage were ameliorated by treatment with Yinzhihuang injection (0.02 g/kg). Further studies indicated that superoxide dismutase (SOD), nitric oxide synthase (NOS), and inducible nitric oxide synthase (iNOS) were elevated while malondialdehyde (MDA), nitric oxide (NO) and RA growth were inhibited when the ducks were treated by Yinzhihuang injection. In addition, Yinzhihuang injection (0.04 g/ml) effectively inhibited xylene-induced auricle swelling in mice, (demonstrating an inhibition rate of 35.21%), egg albumen-induced paw metatarsus swelling in rats, (demonstrating an inhibition rate of 22.30%), and agar-induced formation of granulation tissue. These results suggest that Yinzhihuang injection ameliorates RA-induced infectious serositis in ducks by modulation of inflammatory mediators and antioxidation.
Introduction
Inflammation is a natural defensive mechanism of the body toward a pathogenic organism, which is initiated to minimize damage to the body system. It may result in various ailments, such as bronchitis, arthritis deformans, colitis, gravis, artherosclerosis, and/or parasitic diseases [1] [2] [3] . Inflammatory responses caused by infectious and non-infectious external factors induce reactive oxygen and nitrogen species, which include hydrogen peroxide (H 2 O 2 ), nitric oxide (NO), and reactive intermediates such as hydroxyl radicals (OH•), superoxide (O 2 •−), and peroxynitrite (ONOO−) [4, 5] .
Among many factors which induce inflammation, biological factors such as bacteria, viruses, and parasites are very common [6, 7] . Upon attack by these pathogens, the immune system promotes phagocytic chemotaxis and induces phagocytosis at the infection site. Furthermore, phagocytes release inflammation mediators and oxyradicals (OFRs). Inflammation mediators stimulated the inducible nitric oxide synthase (iNOS) gene and produced considerable plenty of iNOS. With the assistance of Inos and NO, peroxynitrite (ONOO−) came into being and then ONOO-may oxidizes proteins [8] . Due to the limited amount of antioxygen in organisms, redundant OFR reacts with unsaturated fatty acids in the cytoplasm, eventually damaging the cell membrane and cell organs to induce the liberation of inflammation mediators and generate inflammation, thus forming a cycle of infection [9] [10] [11] . Currently available treatment options primarily consist of synthetic anti-inflammatory agents such as non-steroidal anti-inflammatory drugs (NSAIDs) [12, 13] . However, synthetic drugs are associated with higher occurrences of side effects and may cause metabolic disorders [14] [15] [16] [17] . Traditional Chinese medicines are widely used to treat inflammation, making their functional mechanisms a popular research topic worldwide [18] .
Treatment with Yinzhihuang injection has been found to protect the body from acute liver injury induced by thioacetamide in mice. Yinzhihuang injection also demonstrated efficacy in the treatment of intrahepatic cholestasis of chronic viral hepatitis B. This represents a potential treatment option that requires further investigation into its clinical applications [19] . Yinzhihuang injection can significantly improve abnormal changes in Na + -K + -ATPase activity and morphological structures of brain tissue in neonatal rats with bilirubin-induced brain injuries. Abnormal morphological changes in the cerebral cortex were improved by varying degrees in rats from different therapeutic groups [20] .The main checmical component of the Yinzhihuang injection is baicalin, a flavonoid glycoside obtained from the dried roots of Scutellariabaicalensis Georgi. Baicalin has demonstrated a wide range of pharmacologic effects, including heat-clearance and detoxification, increased urination, and increased urination. It is generally used to treat oxidative stress, H 2 O 2 -induced cytotoxicity, and collagen-induced arthritis [21] [22] [23] [24] . Contemporary research has shown that baicalin has a positive effect on antibiosis functions [25] [26] [27] .
In an S. aureus mastitis model of a mouse, baicalin reduced the concentration of proinflammatory cytokines, including TNF-alpha, IL-beta, and IL-6. It also inhibited NF-kappaB and p38 phosphorylation, and mRNA expression [28] . Baicalin improved the survival rate among mice with polymicrobial sepsis, and significantly reduced levels of proinflammatory cytokines by increasing the amount of anti-inflammatory cytokine in the blood and peritoneum. Simultaneously, baicalin increases the number of CD4+CD8+T lymphocytes and dendritic cells (DCs), and reduces the number of CD4+CD25+T cells [29] . Therefore, we chose to explore the effects of Yinzhihuang injection on RA-induced infectious serositis in ducks by modulation of inflammatory mediators and antioxidation.
Materials and methods

Materials
Animals
BALB/c mice (18-22 g ), all inbred males 7-8 weeks old, were supplied by Chongqing Medical University Laboratory Animal Center (Chongqing, China). Male Wistar rats (180-220 g) 12-15 weekds of age were supplied by Luzhou Medical College Laboratory Animal Center (Luzhou, Sichuan, China). Domestic ducks four days old were supplied by Southwest University Laboratory Animal Center (Chongqing, China). Animals were allowed free access to their standard diet and sterile water in a restricted access room with controlled temperature (22) (23) (24) (25) (26) o C), humidity (50-60%), and a 12-hour light/dark cycle in the Laboratory Animal Center of Southwest University (Rongchang, Chongqing, China). The experimental protocol was in accordance with the Guidelines for Animal Experiments of Southwest University and approved by the Institutional Authority for Laboratory Animal Care.
Drugs and reagents
Yinzhihuang injections (0.1 g/mL) were purchased from Chengdu Kunhong Animal Pharmaceutical Co. Ltd (Chengdu, Sichuan, China). Florfenicol injections (containing 10% florfenicol) were purchased from Sichuan Huaxi Animal Medicine Co. Ltd. Nutrient broth medium was obtained from Qingdao Hope Bio-Technogy Co. Ltd. (Qingdao, China). Superoxide dismutase (SOD), nitric oxide synthase (NOS), iNOS, malondialdehyde (MDA) content, and NO kits were purchased from Nanjing Jiancheng Bioengineering Institute Co. Ltd. (Nanjing, China). Griess reagent (0.1% naphthylethylenediaminedihydrochloride and 1% sulfanilamide in 5% phosphoric acid) was obtained from Invitrogen (Grand Island, NY), and lipopolysaccharide (LPS) was obtained from Sigma, St. Louis, MO). Triton was obtained from Shanghai SangonBiological Engineering Technology & Services Co. Ltd.
Methods
Riemerella anatipestifer-induced iousserositis in ducks
Inbred 4-day-old ducks were intramuscularly (i.m.) injected with 0.3 mL RA (10 9 CFU/mL, AF strain, from the Preventive Medicine Department, Southwest University) diluted in nutrient broth medium (Hopebio, Qingdao, China) to induce acute iousserositis. Ducks were randomly assigned to three groups of ten ducks each: Yinzhihuang, florfenicol, or control group. In the normal control group, eight ducks were each injected with 0.3 mL i.m. nutrient broth medium.
Three hours after contracting RA, the Yinzhihuang group was injected with 0.2 mL/kg weight of Yinzhihuang (0.1 g/mL) once each day for three days. The florfenicol group was injected with 0.1 mL/kg weight florfenicol (10%) once each day for three days.
Measurement of SOD, NOS, iNOS, MDA, and NO using assay kits
Ducks in each group were tracked, and deceased ducks were dissected to observe the heart, liver, and lungs. Blood samples were collected from the surviving ducks, centrifuged (503.1g for 5 minutes. two weeks after modeling, SOD, MDA, NO, NOS, and iNOS content was determined from the serum using assay kits from Nanjing Jiancheng Bioengineering Institute.
Oxford cup determination of RA inhibition by Yinzhihuang injection
A petri dish with a diameter of 6 cm was placed with 15 ml of sterilized agar medium and then 0.1 ml of agar culture medium containing RA. And then dishes were incubated above 45-50 o C. After solidification, four Oxford cups were kept in each petri dish and Yinzhihuang injections of varying concentrations (0.04, 0.02, and 0.01 g/mL) were added. The petri dishes were cultured at a temperature of 25 o C for 24 hours, and the diameters of inhibition zones were determined for each concentration of Yinzhihuang injection. The procedure was repeated three times.
Mouse auricle swelling induced by xylene
Fifty healthy male BALB/c mice were randomly assigned to five groups, with ten mice in each group. Each group was treated with 0.04 g/kg, 0.02 g/kg, and 0.01 g/kg, 0.04 g/kg, or 0 g/kg Yinzhihuang. The 0 g/kh group was treated with 2% sodium salicylate as a control. All treatments consisted of intraperitoneal injections (i.p.) of 0.2 mL/10 g weight once per day for three days. The left ear of each mouse was treated with endermosis 50 µl xylol after the first treatment administration, and the mice were exterminated by cervical dislocation under ether anesthesia; and ears were dissected one hour after death. Identical parts of the ear piece were removed during all disections, with a diameter of 5 mm punch and weight. The degree of swelling (grams) and inhibition rate (%) were calculated, considering the weight of the right ear piece as 100% [30] .
Degree of swelling (g) = left ear piece weight (g) -right ear piece weight (g) Inhibition rate (%) = (average weight of right ears -average weight of left ears) / average weight of right ears × 100%
Rat toe swelling induced by egg albumen
Twenty healthy male Wistar rats were randomly divided into five groups of four mice each, and were then weighed and marked. Each group (0.04 g/kg Yinzhihuang, 0.02 g/kg Yinzhihuang, 0.01 g/kg Yinzhihuang, and a sodium salicylate group containing 2% sodium salicylate) were treated once per day with i.p. 2.5 ml/kg weight for three days. The 0 g/kg Yinzhihuang group was treated with i.p. normal saline (2.5 ml/kg weight). After administration of treatment, the right postpedes of rats were injected with 0.5 ml fresh egg albumen (Chongqing, China). After injection, the size of the granuloma pouch was measured, and the inhibitory rate of intumesce was calculated.
Inhibition rate (%) = (average intumesce rate of left postpedes -average weight of right postpedes) / average weight of left ears × 100%.
Agar granulation tissue hyperplasia in mice
Fifty healthy male BALB/c mice were treated with subcutaneous injection to the back. The subcutaneous injection consisted of 0.5 ml agar solution (2%). Mice were randomly divided into five groups after 24 hours. The 0.04 g/kg Yinzhihuang group, 0.02 g/kg Yinzhihuang group, 0.01 g/kg Yinzhihuang group and the 2 % NaSA group were treated with i.p. 0.2 ml/10 g weight once per day for seven days. On the eighth day, the mice were executed and their granulomas were dissected. The granuloma inhibition rates were calculated as follows:
Granuloma inhibition rate (%) = (average weight of granuloma in group -average weight of group granuloma / average weight of granuloma IV × 100%
Isolation of BALB/c mice peritoneal macrophages
Murine peritoneal macrophages were obtained from BALB/c mice four days after injection of 4% thioglycolate. On Giemsa-stained smear tests, the purity of the macrophages was 98%. Next, 2-5 × 10 5 cells were plated in 96-well culture plates (NO assays) and cultured in RPMI 1640 medium (invitrogen) supplemented with 100 u/ml penicillin and 100 µg/ml streptomycin at 37 o C under 5% CO 2 atmosphere [31] .
Nitric oxide quantification of LPS-induced peritoneal macrophages from BALB/c mice
Murine peritoneal macrophages were plated in 96-well culture plates, as described above, and were divided into five groups: 0.04 g/ml Yinzhihuang with 1 μg/ml LPS, 0.02 g/ml Yinzhihuang with 1 μg/ml LPS, 0.01 g/ml Yinzhihuang with 1 μg/ml LPS, 0 g/kg Yinzhihuang with1 μg/ml LPS, and healthy mice with PBS. The level of nitric oxide, as measured by nitrite production, was determined at 2, 6, 8, and 12 hours after treatment using the Griess reagent (Invitrogen). The absorbance at 550 nm was measured, and the nitrite concentration was determined by UV spectrophotometer using a curve calibrated on sodium nitrite standards (TU-1901, Purkinje General Instrument Co. Ltd., Beijing, China) [31] . 
Statistical analysis
Most data is presented as mean ± SD. The statistical significance (p<0.05 or p<0.01) was evaluated by t-tests between two groups and one-way ANOVA with simultaneous multiple comparisons among different groups in the Statistical Analysis System SPSS 20.0.
Results
Effects of Yinzhihuang injection on clinical symptoms and mortality rate of ducks with RA-induced infectious serositis
After 4-5 hours of RA infection, ducks displayed symptoms of mental depression, prostrate form, closed eyes and lethargy. After 36 hours of RA infection, ducks began to die, demonstrating a 75% mortality rate over two weeks. Anatomy of the deceased ducks showed that most of them had developed fibrinous pericarditis, cellulose, and cellulose perihepatitis. The cure rate incurred by Yinzhihuang injection was 80%, as shown in Table 1 .
Effects of Yinzhihuang injection on SOD, NOS, and iNOS activity
After 3 hours of RA infection with RA, Yinzhihuang injection was administered to ducks intramuscularly once each day for three days. Blood serum from ducks was obtained two weeks after RA infection. SOD activity in Yinzhihuang-treated ducks infected with RA was higher in the control and florfenicol groups (p<0.01), as shown in Figure 1A . Compared to the control group, the activity of NOS and iNOS in the 8 mg/kg Yinzhihuang and florfenicol groups was higher (p <0.01). The activity of iNOS in the 0.02 g/kg Yinzhihuang group was lower than that in the florfenicol group (p <0.05), as shown in Figure 1B. 
Effects of Yinzhihuang injection on MDA and NO in serum of ducks
After two weeks of RA infection, MDA and NO increased in the model group, Yinzhihuang group, and florfenicol group. The MDA content in the Yinzhihuang group was lower than that of the control group (p <0.01), but demonstrated no significant difference in comparison to the florfenicol group (p >0.05, as shown in Figure 1C . The NO content in the Yinzhihuang group was lower than that in the control and florfenicol groups (p <0.01), as shown in Figure 1C . Notes: * and # mean P <0.05 or **, ## and && mean P<0.01.
In vitro anti-RA effects of Yinzhihuang injection
The Yinzhihuang injection inhibited RA growth, as determined by the Oxford Cup method. Yinzhihuang injection of 0.04 g/ml was particularly effective, as shown in Table 2 . 
Effect of Yinzhihuang injection on xylene-induced auricle swelling in mice
Effect of Yinzhihuang injection on mouse auricle swelling varies with different concentrations of injection. The inhibition rate of swelling in the 0.02 g/kg Yinzhihuang group was lower than that of the control group, as shown in Table 3 .
Effect of Yinzhihuang injection on egg albumen-induced rat postpedes metatarsus swelling
The effect of Yinzhihuang injection on toe swelling in rats was most effective in the 0.04 and 0.02 g/kg Yinzhihuang groups, which demonstrated inhibition rates of 22.30% and 21.03%, respectively. The demonstrated inhibition rates of the 10% NaSA and 0.01 g/kg Yinzhihuang groups were less than in the 0.04 and 0.02 g/kg Yinzhihuang groups, as shown in Table 4 .
Effect of Yinzhihuang injection on agar-induced granulation tissue
The inhibition rate of toe swelling in the 0.02 mg/kg Yinzhihuang group was 22.39%. There was no significant difference between the 0.02 g/kg Yinzhihuang group and the sodium salicylate group (p >0.05), as shown in Table 5 ).
Effect of Yinzhihuang injection on nitric oxide quantification of LPS-induced peritoneal macrophages
The content of NO released into the supernatant of mouse peritoneal macrophages cultured with LPS was significantly reduced by the addition of the Yinzhihuang injection at a dose of 0.04 and 0.4 mg/ml, incomparison to the control group In each group, the NO content was significantly elevated in Table 4 Effect of Yinzhihuang injection on swelling of rat toe induced by egg albumen Group Drug Dosage (g/kg) Volume (ml/kg) Dose (ml/kg) Swelling of toe (ml) Inhibition rate (%) o C under 5% CO 2 atmosphere. Group was treated with 0.04 g/kg Yinzhihuang and 1 μg/ml LPS; group II was treated with 0.02 g/kg Yinzhihuang; and group III was treated with 0.01 g/kg Yinzhihuang and 1 μg/mL LPS. Group IV was treated with PBS. Model group IV was treated with 1 μg/ml LPS. The level of nitric oxide, as measured by nitrite production 2, 6, 8, and 12 hours after infection, was determined using the Griess reagent (Invitrogen). The absorbance at 550 nm was measured by UV spectrophotometer.
12 hours, and decreased in 24 hours due to magrophage death. The drug groups showed significantly lower NO content than the control group in 2, 6, 8, and 12 hours, as shown in Figure 2 .
Discussion
Yinzhihuang injection, a compound used in traditional Chinese medicine, has been widely used for its biological efficacy and low toxicity. The flavonoid baicalin is the main component of the Yinzhihuang injection, and has various pharmacological effects. While investigating a cure for infectious serositis, we observed the effects of Yinzhihuang injection treatments on RA-induced infectious serositis in ducks. We explored the link between anti-inflammatory effects of Yinzhihuang injection in vivo and antibacterial effects in vitro. Yinzhihuang injection was able to effectively treat infectious serositis in ducks. Additionally, it increased SOD activity, and decreased the concentrations of MDA and NO in RA-induced 16-day-old ducks. This study showed that SOD activity decreased, iNOS increased, and MDA content increased in the serum of ducks suffering from RA-induced infectious serositis. All these factors may weaken the antioxidant system of the ducks, which will subject most of the cell and tissue structures of the duck to different degrees of peroxidation damage. Simultaneously, extensive inflammation appeared in ducks with RA, eventually leading to death. The cure rate of the 0.02 g/kg Yinzhihuang injection was 80% after 36 hours of RA infection. We explored whether baicalin worked to restrain RA growth directly, or if its curative properties are derived from antioxidant effects against RA-induced oxidant [32] .
While determining the inhibition zone of Yinzhihuang injection against RA by the Oxford Cup method, it was demonstrated that Yinzhihuang injection could inhibit RA growth. RA was very sensitive in the 0.04 g/ml Yinzhihuang. We found that the effect of Yinzhihuang injection on active and chronic inflammation is conspicuous through three inflammatory models. In a xylene-induced mouse auricle swelling test, the swelling inhibition rate of 0.04 g/kg Yinzhihuang injection was 5.21%. In egg albumen-induced rat postpeds metatarsus swelling test, revealed that 0.04 and 0.02 g/kg Yinzhihuang injections had an anti-inflammatory effect on egg albumen-induced swelling, with swelling inhibition rates of 22.30% and 21.03%, respectively. In the agar-induced granulation tissue test in mice, 0.04 g/kg Yinzhihuang injection was able to effectively inhibit granulation tissue caused by agar.
Mouse peritoneal macrophages were stimulated with LPS, which induced dynamic effects on macrophage secretion of NO at different concentrations of Yinzhihuang injection. Results demonstrate that the amount of NO in macrophages and Yinzhihuang injection concentrations was dose-dependent, while the amount of NO in macrophages was time-dependent.
In conclusion, Yinzhihuang injections could promote NO and MDA content, as well as the activity of NOS in the serum of ducks with RAIIS. Is also positively inhibits the inflammatory response in mice or rats.
